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The article can be considered as the first part of this work. From a cosmological point of view,
the evolution of the Langton’s ant on a 2D lattice is studied from the ant’s framework : the lattice
is not considered as its whole but is build as the ant moves and discovers a new case. The aim of this
article is twofold. Firstly, to see if one can explain the emergent behaviour of the ant as an analogous
sytem of a particle crossing an horizon. It is therefore another way to look if a discrete system may
have some caracteristics of a black hole. Secondly, to describe the problem from the ant framework
which shows some potential explanations of the problem. Pointing toward some directions for an
explanation, the evolution of the density of one color is studied and commented.
I. INTRODUCTION
Langton’s ant is a two-dimensional universal Turing
machine with a very simple set of rules but complex emer-
gent behaviour. It was invented by Chris Langton [2] in
1986 and runs on a square lattice of black and white cells.
In the following, we will explain briefly the Langton’s
ant problem based on [1], then show and comment the
numerical results regarding the densities, before ending
by bringing some assumptions, paths in order to explain
the evolution of the ant.
A. Rules of the motion and modes of behavior
Squares on a plane are colored variously either black
or white. We arbitrarily identify one square as the ant.
The ant can travel in any of the four cardinal directions
at each step it takes. The ant moves according to the
rules below:
• At a white square, turn 90◦ right, flip the color of
the square, move forward one unit.
• At a black square, turn 90◦ left, flip the color of the
square, move forward one unit
These simple rules lead to a complex behavior. Three
distinct modes of behavior are apparent, when starting
on a completely white grid.
1. Simplicity. During the first few hundred moves it
creates very simple patterns which are often sym-
metric.
2. Chaos. After a few hundred moves, a big, irregular
pattern of black and white squares appear. The ant
traces a pseudo-random path until around 10,000
steps.
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3. Emergent order. Finally the ant starts building a
recurrent highway pattern of 104 steps that re-
peats indefinitely.
All finite initial configurations tested eventually con-
verge to the same repetitive pattern, suggesting that the
highway is an attractor of Langton’s ant, but no one has
been able to prove that this is true for all such initial con-
figurations. It is only known that the ant’s trajectory is
always unbounded regardless of the initial configuration
(Cohen Kong theorem).
FIG. 1: Pattern of the ant’s evolution observed after 12
000 steps (the colors are inverted)
B. Definitions
In the following, the terms step and time are inter-
changeable, and n-th step and time n have the same
meaning. In this work, the initial lattice was fully white
(but the initial color does not matter).
As in Cosmology, the description of the evolution of an
expanding/decreasing universe (as the bouncing scenario
in Loop Quantum Gravity [3]) is meaningful when study-
ing the densities (of energy, of matter, for instance). In
the case of the Langton’s ant, it seems to be appropriate
to proceed as such, as the particular evolution of the ant
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2is given by the ant itself and the cases it has reached, and
not by the whole universe at the end.
Therefore, during this work, we have looked at
• N(t), the total number of cases occupied at least
once by the ant at a given time t (+1 when a new
case is reached, N(0) = 1).
• B(t), the total number of black cases at some
time/step t in the universe seen by the ant
(+1/-1 when the ant changes the color of the case
in black/white). When the case of a initally ran-
domly filled lattice is considered, B(0) = 0 if the
initial case is white, 1 otherwise.
The density of black cases is thus defined as
ρ(t) =
B(t)
N(t)
(1)
II. NUMERICAL OBSERVATIONS : STARTING
FROM A FULLY WHITE LATTICE
A. Evolution of the density
In Fig.(2), the density ρ is shown until the transition
area where the highway seems to start. If one zooms on
the curve, a lot of small oscillations will be seen.
FIG. 2: Evolution of the density ρ(t) as defined in
Sec.(I B) with the constant function f(t) = 0.5 : from
t=1 to t=10 000.
The evolution of the density during the highway is then
represented in Fig.(3)
B. Some comments
a. First part : the stabilization
As seen in Fig.(2), neglecting the small oscillations and
keeping only the general aspect of the curve, starting
from a state where all case are white (state of low en-
tropy as seen below), the ant seems not to be in a stable
position, trying by its motion to equilibrate the amount
FIG. 3: Evolution of the density as defined in Sec.(I B),
during the Highway : : from t=9800 to t=11 000.
of black and white tiles and therefore oscillating, analo-
gously to a damped harmonic oscillator, around a value
which is not exactly 0.5 but rather 0.52 here (attempts
where the initial density ρ0 = ρ(0) was not 0 in an area
around the initial position lead to similar results as seen
below). Around t = 2200, the ant seems to enter an area
where it has started to be much more stabilized, the force
which tries to maintain the density around 0.5 is more
dominant and only a small deviation is observed (less
than 10%) until the transition area where the highway
appears (t = 9990 approximatively as in Fig.(3)).
FIG. 4: Evolution of the density as defined in Sec.(I B)
until t = 1760. Zoom on the oscillations.
b. Second part : the Highway
As shown in Fig.(1), during the highway, a pattern on
the lattice is repeated indefinitely, leading to a certain
pattern for the density, as seen in Fig.(6) : it should
be easily explained by studying the motion of the ant
during the highway. Its period is also easily obtained :
T = 104, which is coherent with the observed pattern of
the highway.
One may expect that the ant will have a behaviour
such that the equilibrium ρ = 0.5 will be reached in some
future. This is not actually the case, as shown in the dif-
ferent figures. Moreover, after having taken the average
values of ρ(t) during the highway, one can see in Fig.(7)
that the density increases at a really small rate : some
3FIG. 5: Evolution of the density as defined in Sec.(I B).
Between t=1760 and 10000
FIG. 6: Pattern of the density as defined in Sec.(I B)
during the Highway
good linear regressions give for the highway :
• for t = 10000 to t = 11300,
ρ(t) = 3.184× 10−6t+ 0.48841
• for t = 45000 to t = 50000,
ρ(t) = 8.3956× 10−8t+ 0.537773
FIG. 7: Mean evolution of the density as defined in
Sec.(I B) during the Highway
This is coherent as, during the highway, the ant cre-
ates more black cases than white ones, but also moves
to more and more new tiles, as seen in Fig.(8) where the
evolution of N(t) and 2×B(t) are plotted. Moreover, one
can also see that until t=7500, both curves are relatively
closed, and starting from this time, both curves get away
from each other. This leads to the question if this partic-
ular moment would initiate the emergent motion of the
highway 2500 steps further.
FIG. 8: Plot of N(t) and 2×B(t). Between t=0 and
11900
.
c. Some tests with a randomly filled lattice
We define pB and pW the probabilities that the case is
initially black or white. Some tests have been made with
randomly build lattices following the previous probabili-
ties : the results as in Fig.(9) and Fig.(10) seem to show
similarities with the results obtained above, the density
tends to reach a value around 0.5. It has been also ob-
served that there seems to be a relation between the ini-
tial densities and the time when the highway appears.
More work should be made in order to assert for sure
such observations.
FIG. 9: Observed lattice when initially randomly filled
with probabilities pB = 0.01 and pW = 0.99
4FIG. 10: Corresponding density ρ(t) witht the lattice
above, with the constant function 0.5. Probabilities
pB = 0.01 and pW = 0.99.
III. THE LANGTON’S ANT AS A
SINGULARITY
The aim of this work was initially to see if one would
be able to explain the emergent behavior of the ant with
an analogous and physical model, namely as a point par-
ticle reaching a spacetime singularity. This is based on
the idea that in our expanding universe, in the case where
one considers it as spatially flat, after some calculations
[4] knowing the amount of mass in the observed universe,
one can see that the Schwarzschild radius Rs corresponds
to the Hubble radius, suggesting that we lives in a ...
black hole. In the case of the Langton’s ant, following
such an idea, one can make the hypothesis that the emer-
gent part, the highway, would appear when the density of
black (white) cases, combined with the radius of the area
reached by the ant, would have reached a Schwarzschild-
like value, leading the ant to cross the horizon and derive
infinitely toward a singularity on the far edges of the uni-
verse as seen in Fig.(11).
FIG. 11: Attempt to explain the emergent highway
The Schwarzschild radius RS of a (spherical) object of
mass M , is defined as
RS =
2G
c2
M (2)
where G is the gravitational constant, and c the velocity
of light. If the case of the assumption where the mass M
of the whole system is constant in time, one has ρ = MA
where A is the area of the universe seen by the ant, then
in this case,
RS ∼ ρcAc (3)
where ρc and Ac are the critical density and area when
the highway seems to start.
FIG. 12: Scwarzschild radius as in Eq.(3) versus initial
density
The comparison between RS as defined in Eq.(3) and
the initial density ρ0 is shown in Fig.(12) where one can
see that RS seems to increase as ρ0 increases : this is
then coherent with the fact that ρ0 depends on M and if
M increases then ρ0 and RS increase too by the previous
equations, and therefore ρc, as shown in Fig.(13).
FIG. 13: critical density for the highway to start versus
initial density
Moreover, as seen in Fig.(14), one can see that the
longer it will take for the highway to appear, the less the
critical density will be.
FIG. 14: critical density versus number of iterations it
takes for the highway to start
5The observed evolutions seem coherent. However, even
if one can see some possible relations between the differ-
ent observables, a statistical analysis is necessary to refine
the model. Moreover, M was define as the mass of the
system, and the definition of the mass for the Langton’s
ant is not yet defined but seems thus depend on the ini-
tial number of black cases. This work is a prospection of
what could be done as a first approach, and more has to
be achieved to see if it is really possible to understand
the Langton’s ant problem as a black hole [5].
IV. SOME OTHER HINTS / PERSPECTIVES
OF EXPLANATIONS
As in thermodynamics, equilibrium is generally ob-
tained when the entropy of the system stays the highest.
In the case of the Langton ant, states where the lattice is
all black or white would be the ones with the lowest en-
tropy, and consequently, states describing the situations
where cases are roughly half black and half white would
be the ones with the highest entropy.
Therefore, if for instance, we think about the lattice
of Langton’s ant as a system of particles with only two
states available, black or white (or of half-spin), equilib-
rium would be obtained when densities ρ(t) of both colors
are (around) the expected value of 0.5 .
The curve for the density ρ(t) as in Fig.(2), with the
hypothesis that it is similar to a system whose initial
state is at the lowest entropy (only white tiles) and try-
ing to reach equilibrium, shows the caracteristics of a
system whose density is attracted toward a value closed
to 0.5 : a mathematical description of this evolution in
the framework of the ant where this work has been done,
would enforces, maybe proves and not only suggests, this
behaviour of attractor for the highway, and therefore ex-
plains the whole evolution and leads to some new conse-
quences.
Following the idea of this work, a similar approach as
the one in [6] combined with the work done in [7] and with
the help of [8], may bring some parts of an explanation for
the emergent part of the motion. Indeed, it was shown
in [7] that the expected value of N(t), at the limit where
the number of steps done is infinite, can be approximated
by
N(t)→ pit
Log(t)
(t→ +∞) (4)
Consequently, the expected density ρ would be im-
pacted
ρ(t) ∼ ρ
(
α(t)
t
Log(t)
)
(t→ +∞) (5)
This expression is interesting : in a rough attempt,
after having added some oscillatory features as in Eq.(6),
it gives the curve in Fig.(15) which seems similar as the
one in Fig.(5) but need to be refined by a more rigorous
approximation.
ρ(t) =
(
Log(t)
t
Cos
(
t
1000
)
+ 0.52
)
Cos
(
t
50000
)
(6)
FIG. 15: Model given in Eq.(6) of the evolution of the
density as defined in Sec.(I B)
The results obtained in these works give only some
approximations but the approaches may be suitable to
give a description of the motion, at least a closed one
which may help to understand better the phenomenon.
A. Some future possible works
In order to refine the model, one may look at
• some Fourrier analysis of the density : what is the
corresponding power spectrum and what are the
informations one would get ?
• some modifications of the rules, for instance, what
does some asymetry in the model (example: 1 step
on the right, 2 steps on the left) ?
• the caracteristics of the different evolutions of the
ant in a lattice ramdomly filled with black and
white tiles with the previous probabilities pB and
pB : is it then possible to build a model which takes
into account the values of pB and pW ?
• some approximations. For instance, the shape of
the curve for the density is similar as the one for
power spectrum of the tensorial perturbations in
[9].
V. CONCLUSION
Having a complete and rigorous explanation for the
particular motion of the Langton’s ant (and its other
6models) may be an objective quite hard to achieve. Nev-
ertheless, this work shows the evolution of the ant from
an other point of view, the one of a blind ant discovering
the lattice step by step and only using few of it.
A first approach was then to look at the problem as
a system analogous to a (Schwarzschild) black hole (an-
other similar idea would have been to describe the ant
as a model similar to a star reaching the Chandrasekhar
limit and collapsing to a supernovae). However, even
if the idea seems interesting and this work shows some
possibilities, it needs more inputs and work in order to
explain it rigorously with such a model. Such a complete
and consequent study is kept for the future.
Looking at the densities in this framework gives then
some explanations from the point of view of entropy and
equilibrium, but also, gives a way to explain the caracter-
istics of an attractor for the whole behaviour of the ant.
In order to get such a suitable explanation, more analyt-
ical work is needed, and a suggestion would be to rely on
some previous works and their results, being promising
enough in this framework.
The Langton’s ant problem and its variations are really
interesting as cellular automatons, but it would also be
interesting if such a mathematical problem would have
an application in physics, as for instance in Quantum
Gravity.
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